INTRODUCTION
============

Percutaneous mitral balloon valvotomy (PMV) has been used widely for mitral stenosis since it was introduced in 1984 by Inoue et al. \[[@b1-kjtcv-48-328]\]. Further, symptomatic mitral valve restenosis after PMV occurs at the rate of 7% to 23% \[[@b2-kjtcv-48-328],[@b3-kjtcv-48-328]\]. Treatment modalities in these cases include mitral valve replacement and repeated PMV. With respect to repeated PMV, recent studies have presented good intermediate and long-term outcomes \[[@b4-kjtcv-48-328],[@b5-kjtcv-48-328]\]. Nevertheless, mitral valve replacement is usually preferred \[[@b6-kjtcv-48-328],[@b7-kjtcv-48-328]\]. A number of studies have demonstrated the possibility of mitral valve repair for rheumatic mitral valve diseases, which were mostly mixed with stenosis and regurgitation \[[@b8-kjtcv-48-328]--[@b14-kjtcv-48-328]\]. However, mitral valve repair for rheumatic mitral valve stenosis is still uncommon. Accordingly, few reports on mitral valve repair for mitral valve restenosis after PMV have been published. In this study, we assessed postoperative outcomes of mitral valve repair for symptomatic mitral valve restenosis after PMV.

METHODS
=======

Between August 2008 and March 2013, 22 patients underwent mitral valve surgery for mitral valve disease at our center after they had undergone PMV for rheumatic mitral valve stenosis at different hospitals. Patients were excluded if they had significant (\>grade 2) mitral regurgitation because this factor could affect the analyses by confounding variables and we were concerned about mitral valve restenosis after PMV. Three patients did not undergo follow-up echocardiography. In the end, 15 patients formed the subject population of this study. Preoperative baseline characteristics are given in [Table 1](#t1-kjtcv-48-328){ref-type="table"}. Mitral valve replacement was recommended to eight patients (53.3%) at different centers before visits to our center. The mean preoperative left ventricular ejection fraction was 59.5% ±7.9%. The mean mitral valve area was 1.15±0.16 cm^2^ ([Fig. 1A](#f1-kjtcv-48-328){ref-type="fig"}), and the mean pressure half time was 202.4±58.6 ms ([Fig. 1B](#f1-kjtcv-48-328){ref-type="fig"}).

Right anterolateral thoracotomy was performed in 13 patients as a standard approach of surgery for mitral valve disease or tricuspid valve disease at our center. Median sternotomy was performed in two patients who had very moderate forced expiratory volume to achieve one-lung ventilation. Each valve was assessed in direct vision and via intraoperative transesophageal echocardiography. All operations were performed by the same surgeon. Surgical techniques utilized for mitral valve repair and concomitant procedures are listed in [Table 2](#t2-kjtcv-48-328){ref-type="table"}. Posterior leaflet extension was performed with bovine pericardium (Supple Peri-Guard Repair Patch, 6×8 cm Synovis; Jisang International Inc., Seoul, Korea). Lifting mitral annuloplasty was performed with a mitral strip (Mitracon, Mitral Annuloplasty Ring, Mitracon Strip; Sciencity Co. Ltd., Seoul, Korea). Tricuspid annuloplasty was performed with a Carpentier-Edward ring.

Demographic clinical variables were collected retrospectively with a review of medical records. The optimal echocardiographic outcome was defined as a mitral valve area of more than 1.5 cm^2^ and a pressure half time of less than 150 ms. Event-free survival means that in addition to these hemodynamic parameters, the New York Heart Association functional class (NYHA Fc) was less than III without reoperation events such as mitral valve repair and mitral valve replacement \[[@b4-kjtcv-48-328],[@b5-kjtcv-48-328]\].

Statistical analyses were performed with PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Categorical variables are expressed as percentages or numbers, and continuous variables are expressed as means with standard deviations. After testing for the normality of distribution, continuous variables were compared using the paired samples t-test or the Wilcoxon signed-rank test. The cumulative event-free survival curve was determined according to the Kaplan--Meier method. All p-values of less than 0.05 were considered statistically significant.

RESULTS
=======

All patients underwent follow-up for a mean duration of 39±16 months. There were no early or late deaths. One patient suffered from postoperative bleeding due to intercostal artery injury. There were no morbidities such as thromboembolic events, infective endocarditis, reoperations, or complications with respect to the use of warfarin during the follow-up period. Atrial fibrillation persisted in two of the nine patients who underwent the maze procedure. Thirteen patients presented with a sinus rhythm. The functional capacity of 12 patients (80%) improved from NYHA Fc II to NYHA Fc I. Three patients (20%) improved from NYHA Fc III or IV to NYHA Fc II ([Fig. 2](#f2-kjtcv-48-328){ref-type="fig"}). Postoperatively, 13 patients were treated with warfarin for 2 months. Two patients with persistent atrial fibrillation were treated with aspirin alone after cessation of warfarin treatment. Two patients who had atrial thrombosis preoperatively were treated with warfarin for 6 months. When echocardiography revealed no atrial thrombosis 6 months later, these two patients were treated with aspirin alone. The range of the target international normalized ratio was 2.0 to 3.0.

1) Early postoperative echocardiographic results
------------------------------------------------

In a comparison of early postoperative echocardiographic results with preoperative echocardiographic results, we found that the mean left ventricular ejection fraction increased from 59.5%±7.9% to 62.7%±6.7% (p=0.2529), the mean mitral valve area increased from 1.16±0.16 cm^2^ to 1.71±0.4 cm^2^ (p\<0.0001), the mean pressure half time decreased from 202.4±58.6 ms to 135.7±33.3 ms (p=0.0001), and the mean diastolic transmitral pressure gradient decreased from 9.4±4.0 mmHg to 5.4±1.9 mmHg (p=0.001) ([Table 3](#t3-kjtcv-48-328){ref-type="table"}, [Fig. 1](#f1-kjtcv-48-328){ref-type="fig"}). The mitral valve area in 13 patients was larger than 1.5 cm^2^. In the remaining two patients, the mitral valve area was smaller than 1.5 cm^2^. The mitral valve area increased slightly from 0.9 cm^2^ to 1.1 cm^2^ and 1.2 cm^2^ in these two patients, respectively. Thirteen patients had no or trivial mitral regurgitation and the other two patients had mild mitral regurgitation (grade 1). Meanwhile, 13 patients presented no or trivial tricuspid regurgitation, and two patients had mild tricuspid regurgitation (grade 1).

2) Late postoperative echocardiographic results
-----------------------------------------------

In a comparison of the late postoperative echocardiographic results with the preoperative echocardiographic results, we found that the mean left ventricular ejection fraction increased from 59.5%±7.9% to 64.55%±4.9% (p=0.0276), the mean mitral valve area increased from 1.16±0.16 cm^2^ to 1.62±0.34 cm^2^ (p=0.0001), the mean pressure half time decreased from 202.4±58.6 ms to 152±50.2 ms (p=0.001), and the mean diastolic transmitral pressure gradient decreased from 9.4±4.0 mmHg to 5.8±1.5 mmHg (p=0.0021) ([Table 4](#t4-kjtcv-48-328){ref-type="table"}, [Fig. 1](#f1-kjtcv-48-328){ref-type="fig"}). In 12 patients (80%), the mitral valve area was larger than 1.5 cm^2^. In the remaining three patients (20%), the mitral valve area was smaller than 1.5 cm^2^. In two of these three patients, the mitral valve area increased slightly from 0.9 cm^2^ to 1.2 cm^2^. The remaining patient showed no changes in the mitral valve area (1.3 cm^2^). The degree of mitral regurgitation was less than grade 1 in all patients. Tricuspid regurgitation was less than grade 1 in 14 patients. One patient presented with grade 2 tricuspid regurgitation; she had not undergone tricuspid annuloplasty. The 5-year event-free survival rate was 56.16% (95% confidence interval, 47.467 to 64.866) ([Fig. 3](#f3-kjtcv-48-328){ref-type="fig"}).

DISCUSSION
==========

Since PMV is commonly used worldwide for mitral valve stenosis, mitral valve restenosis is a frequent cause of late deterioration after PMV. Because of the severity of the valve disease in most of these patients, mitral valve replacement is usually performed. However, recent studies on repeated PMV for these patients reported good intermediate and long-term outcomes. Bouleti et al. \[[@b4-kjtcv-48-328],[@b5-kjtcv-48-328]\] noted that repeated PMV enabled one out of three patients to remain free from any other surgery at 20 years and one out of five patients to exhibit good functional results at 20 years. Nevertheless, PMV is contraindicated in patients with left atrial thrombus or concomitant heart disease. Mitral valve replacement is preferred for these patients with symptomatic mitral restenosis after PMV, particularly in cases with unfavorable anatomy \[[@b6-kjtcv-48-328],[@b7-kjtcv-48-328]\]. Song et al. \[[@b6-kjtcv-48-328]\] reported a better long-term outcome of mitral valve replacement; they considered patients who had an echocardiographic score of more than 8 with atrial fibrillation and suggested mitral valve replacement as the initial treatment for mitral valve stenosis. In a comparison of the long-term event- free survival rate between repeated PMV and mitral valve replacement for mitral restenosis after PMV, Kim et al. \[[@b7-kjtcv-48-328]\] demonstrated that the 3-year event-free survival rate was 96.6% for mitral valve replacement and 90% for repeated PMV. The 9-year event-free survival rate was 90.4% for mitral valve replacement and 36% for repeated PMV.

However, mitral valve replacement leads to life-long anticoagulation therapy, increased hemolysis, and a long-term risk of prosthesis-related complications. The incidence rates of thromboembolic complications after bileaflet mechanical mitral valve replacement despite oral anticoagulation therapy can be between 2.2% and 4.1% per year. Furthermore, in patients who have undergone mitral valve replacement, a relatively high target international normalized ratio (2.0--3.0) is recommended; this can result in a 2.5% annual risk of important bleeding events \[[@b10-kjtcv-48-328],[@b15-kjtcv-48-328]\]. Although Kim et al. \[[@b14-kjtcv-48-328]\] demonstrated that a lower incidence rate of thromboembolic complications could be achieved by following a strict anticoagulation protocol, there are the inconveniences of oral anticoagulation therapy that include variability in dosing, the need for blood sampling, activity restrictions, and minor hemorrhagic complications \[[@b10-kjtcv-48-328]\].

Mitral valve repair allows for the avoidance of long-term anticoagulation therapy and preservation of left ventricular function, while yielding decreased thromboembolic complications, low perioperative mortality rates, a low risk of native valve endocarditis, and long-term freedom from reoperation \[[@b16-kjtcv-48-328]\]. In the case of degenerative mitral valve regurgitation, mitral valve repair is known to be better than mitral valve replacement \[[@b17-kjtcv-48-328]--[@b19-kjtcv-48-328]\]. However, in the case of rheumatic mitral valve disease, mitral valve repair is more technically challenging and has the disadvantage of more frequent reoperations than the repair for degenerative diseases \[[@b8-kjtcv-48-328],[@b9-kjtcv-48-328],[@b20-kjtcv-48-328]\]. Nevertheless, recent studies have suggested that mitral valve repair could be considered optimal treatment in selected patients \[[@b10-kjtcv-48-328]--[@b14-kjtcv-48-328]\]. These studies included patients who had predominant regurgitation and mixed stenosis with regurgitation and who underwent mitral valve repair as initial surgery without previous intervention. Our study excluded predominant mitral regurgitation in order to focus on mitral valve repair for mitral restenosis after PMV. Then, 13 of 15 patients had predominant mitral valve stenosis and the remaining two had mixed stenosis with regurgitation. In all the patients, the mean mitral valve area was 1.16±0.16 cm^2^, the mean preoperative Wilkins score was 9.4±2.6, and the mean mitral valve regurgitation grade was 0.53±0.9. From a technical perspective, the currently known techniques were used. Early outcomes were similar to those of repeated PMV \[[@b4-kjtcv-48-328],[@b5-kjtcv-48-328]\] and mitral valve repair for rheumatic mitral disease \[[@b10-kjtcv-48-328]--[@b14-kjtcv-48-328]\]. In a comparison with mitral valve replacement, however, we found that a smaller mitral valve area was achieved, higher pressure half time was presented, and the durability of the repaired valve was less than in the case of mitral valve replacement \[[@b6-kjtcv-48-328],[@b7-kjtcv-48-328]\]. The early favorable outcomes worsened, and it was thought that rheumatic inflammatory processes would be affected. Some patients may have to undergo a reoperation soon. However, some patients presented with results similar to those of mitral valve replacement ([Fig. 1A, B](#f1-kjtcv-48-328){ref-type="fig"}).

Because this study is limited in terms of the number of patients and the follow-up period, and does not consider a control group, further studies including more patients with a long-term follow-up and a comparison with a control group are necessary to determine the possibility of mitral valve repair in such cases.

In conclusion, on the basis of the study results, we cannot suggest mitral valve repair as an alternative for most patients with mitral valve restenosis after percutaneous mitral balloon valvotomy. However, in some patients with mitral restenosis after PMV, the mitral valve may be repairable. Therefore, a thorough and systematic assessment of the valve should be performed.
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###### 

Preoperative baseline characteristics of patients

  Variable                                                  Value
  --------------------------------------------------------- ----------------
  Age (yr)                                                  47±10 (31--64)
  Sex (male/female)                                         4/11
  Interval time (yr) between PMV and mitral valvuloplasty   13±7 (3--25)
  Functional class (New York Heart Association)             
   I                                                        0
   II                                                       6 (40)
   III                                                      8 (53.3)
   IV                                                       1 (6.7)
  Rhythm                                                    
   Atrial fibrillation                                      9 (60)
  Previous thromboembolism                                  2 (13.3)
  Left atrial thrombosis                                    2 (13.3)
  Second PMV                                                4 (26.7)
  Echocardiographic score (Wilkins score)                   9.4±2.6
  Left atrial dimension (mm)                                56.9±12.3
  Mitral regurgitation                                      
   Grade 1                                                  3 (20)
   Grade 2                                                  2 (13.3)
   Grade 3                                                  0
   Grade 4                                                  0
  Tricuspid regurgitation                                   
   Grade 1                                                  5 (33.3)
   Grade 2                                                  3 (20)
   Grade 3                                                  0
   Grade 4                                                  0

Values are presented as mean±standard deviation (range), number (%), or mean±standard deviation.

PMV, percutaneous balloon mitral valvotomy.

###### 

Surgical technique for mitral valve repair and concomitant procedures

  Variable                             No. of patients (%)
  ------------------------------------ ---------------------
  Commissurotomy                       14 (93.3)
  Leaflet slicing                      12 (80.0)
  Decalcification                      10 (66.7)
  Posterior leaflet extension          14 (93.3)
  Lifting mitral annuloplasty          15 (100.0)
  Tricuspid annuloplasty               3 (20.0)
  Maze                                 9 (60.0)
  Left atrial appendage obliteration   2 (13.3)
  Thrombectomy                         2 (13.3)

###### 

Comparison of preoperative with early echocardiographic results after MVP

  Variable                                  Before MVP   Early after MVP   p-value
  ----------------------------------------- ------------ ----------------- -----------------------------------------------------
  Left ventricular ejection fraction (%)    59.5±7.9     62.7±6.7          0.2529[a)](#tfn5-kjtcv-48-328){ref-type="table-fn"}
  Valve area (cm^2^) (planimetry)           1.16±0.16    1.71±0.4          0.0001[a)](#tfn5-kjtcv-48-328){ref-type="table-fn"}
  Pressure half time (msec) (Doppler)       202.4±58.6   135.7±33.3        0.0001[b)](#tfn6-kjtcv-48-328){ref-type="table-fn"}
  Mean pressure gradient (mmHg) (Doppler)   9.4±4.0      5.4±1.9           0.001[a)](#tfn5-kjtcv-48-328){ref-type="table-fn"}

Values are presented as mean±standard deviation.

MVP, mitral valve repair.

By paired samples t-test.

By Wilcoxon signed-rank test.

###### 

Comparison of preoperative with late echocardiographic results after MVP

  Variable                                  Before MVP   Late after MVP   p-value
  ----------------------------------------- ------------ ---------------- ------------------------------------------------------
  Left ventricular ejection fraction (%)    59.5±7.9     64.5±4.9         0.0276[a)](#tfn9-kjtcv-48-328){ref-type="table-fn"}
  Valve area (cm^2^) (planimetry)           1.16±0.16    1.62±0.34        0.0001[b)](#tfn10-kjtcv-48-328){ref-type="table-fn"}
  Pressure half time (msec) (Doppler)       202.4±58.6   152±50.2         0.0001[b)](#tfn10-kjtcv-48-328){ref-type="table-fn"}
  Mean pressure gradient (mmHg) (Doppler)   9.4±4.0      5.8±1.5          0.0021[a)](#tfn9-kjtcv-48-328){ref-type="table-fn"}

Values are presented as mean±standard deviation.

MVP, mitral valve repair.

By paired samples t-test.

By Wilcoxon signed-rank test.
